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ABSTRACT
This paper provides information regarding HPTLC-based analytical method development and evaluation of validation characteristics
in accordance with best practice. As a result it meets standards comparable with other chromatographic techniques with specific aim to
minimize confusion and methodological failure. The poor performance to the method development may be caused by systematic and
scientific approach for the selection of separation mode, stationary phase and mobile phase not taken into consideration. The poor validation
practice may be caused by validation guidelines which are not fully understood or partially neglected, steps of the analytical procedure are
not fully considered during validation or specification limits defining validation characteristics are not described.
Key words: HPTLC, Method development, Method validation

INTRODUCTION
High Performance Thin Layer Chromatography
(HPTLC) is a powerful method equally suitable for qualitative and quantitative analytical tasks. Applications of
HPTLC, such as identification and quantitation of constituents, impurities, active substances, process development and
optimization, process monitoring, and cleaning validation
have been demonstrated(1). HPTLC has been reported to
provide excellent separation, qualitative and quantitative
analysis of a wide range of compounds, such as herbal and
botanical dietary supplements, nutraceuticals, traditional
western medicines, traditional Chinese medicines and
Ayurvedic (Indian) medicines and determination of radiolabeled substances in chemical, biochemical, biological,
pharmaceutical, and medicinal samples(2).
HPTLC is superior to other analytical techniques
in terms of total cost and time for analysis. It is an offline
process in which various stages are carried out independently.
Important features of HPTLC include the ability to analyze
crude samples containing multi-components, application of
large number of sample and a series of standards using the
spray-on technique, choice of solvents for the HPTLC development is wide as the mobile phases are fully evaporated
* Author for correspondence. Tel: +91-2692-230788;
Fax: +91-2692-230788; E-mail: rbp.arcp@gmail.com

before the detection step, processing of standards and samples
identically on the same plate leading to better accuracy and
precision of quantification, different and universal selective
detection methods, and in situ spectra recording in sequence
to obtain positive identification of fractions, storage of total
sample on layer without time constrains. In addition, HPTLC
method may help to minimizes exposure risk of toxic organic
effluents and significantly reduces its disposal problems,
consequently, reducing environment pollution. Therefore, it
can be considered as an environment friendly method(1-11).
The use of modern apparatus, such as video scanners,
densitometers, and new chromatographic chambers, as well
as more effective elution techniques, high-resolution sorbents
with selected particle size or chemically modified surface, the
possibility of combining with other instrumental methods,
and the development of computer programs for method optimization, all make HPTLC an important alternative analytical
technique(12). Various stages of HPTLC method development
are fully automated by use of available commercial instruments, and the entire process can be controlled using software
compliant with requirements of drug regulatory agencies.
Taking the above facts together, HPTLC-based methods
could be considered as a good alternative as they are being
explored as an important tool in routine analysis.
Various steps involved in research and development to
bring any pharmaceutical substance/product to the market are
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supported by effective and efficient analysis and therefore,
effectual method development and comprehensive analytical validation are of fundamental importance(13). Method
development and validation cannot be separated since the
operation parameters are finally acceptable only if the performance requirement achieved. Validation is an important
step in determining the reliability and reproducibility of the
method because it is able to confirm that the intended method
is suitable to be conducted on a particular system(14). The
International Conference on Harmonization (ICH) guidelines
achieved a great deal in harmonizing the definitions of the
required validation characteristics and their basic requirements(15). However, they provide only a basis for a general
discussion of the validation parameters, their calculation and
interpretation. It is the responsibility of the analyst to identify
parameters that are relevant to the performance of the given
analytical procedure, as well as to design proper validation
protocols including acceptance criteria and to perform an
appropriate evaluation(13). The efficient development and
validation of analytical methods are critical elements in the
development of pharmaceuticals. Success in these areas can
be attributed to several important factors, which in turn will
contribute to regulatory compliance. Validation requirements
for HPTLC method are highly diversified, depending on the
actual type of test, as planar chromatography can be used in a
wide range of applications.
This paper provides information regarding HPTLCbased analytical method development and evaluation of validation characteristics in accordance with highly formalized
standards and guidance to minimize confusion and methodological failure. Further, this paper looks intently validation
as an iterative process, closely connected with method development and optimization.

GENERAL METHODOLOGY FOR HPTLC
METHOD DEVELOPMENT
First of all, it is essential to determine the analytical
objective before HPTLC method development. New method

is either for quantification, qualitative identification, separation of two components, multi component mixtures or optimization of analysis time. During establishing a new analytical
procedure, always starts with extensive literature survey, in
view of the fact that best solution for the particular analytical
problem might have been already available.
Method development demands primary knowledge
about the physicochemical characteristics of sample, nature
of the sample, such as structure, polarity, volatility, stability
and solubility. It involves considerable trial and error procedures. Steps involved in HPTLC method development are
selection of stationary and mobile phase, application of
sample, development, derivatization, documentation of plate,
labeling, quantitative evaluation of chromatogram, and documentation of work performed. Instrument installation and
operation qualification (IQ/OQ) and good laboratory practice/good manufacturing practice (GLP/GMP) requirements
in regulated laboratories are met by many of the latest TLC
instruments, such as sample applicators, developing chambers and densitometers.
I. Sample Preparation
Sample preparation for HPTLC is not much demanding.
Samples rarely required clean up since plates are not reused
for analysis and it is possible to apply sample without any
pretreatment. Pharmaceutical preparation with sufficiently
high concentration of analyte is simply dissolved in a suitable solvent that will completely solubilize the analyte and
leave excipients undissolved to yield a test solution that can
be directly applied on HPTLC plate. In certain cases, sonication of sample may be required to ensure complete solubility
of sample, as well as filtration or centrifugation to remove
undissolved excipients(16-19).
II. Selection of Stationary Phase
Selection of stationary phase is quite easy, i. e., start with
silica gel which is reasonable and nearly suits all kind of drugs
(Table 1). Commercially available precoated HPTLC plates

Table 1. Guideline for the selection of stationary phase for HPTLC method development(22)
Stationary Phases

Type of sample

Silica gel

All classes of compounds

Aluminium oxide

Basic compounds (alkaloids, amines, etc.), steroids, terpenes, aromatic and aliphatic hydrocarbons

Amino phase

Sugars, carboxylic acids, sulfonic acids, phenols, purines, pyrimidines, nucleotides

Cyano phase

All classes of compounds, PHB esters

Diol phase

All classes of compounds, steroids, hormones

RP C-2, C-8, C-18 phases

Polar substances, separation according to lipophilic properties and chain length, steroids, tetracyclins, phthalates, barbiturates, nucleo bases, aminophenols

Polyamide

Phenols, flavonoids, nitro compounds

Silica gel impregnated with silver nitrate

Poly cyclic aromatic hydrocarbons (PAHs), number of diol groups (boric acid), number of
isolated double bonds.

Chiral phase

Enantiomers
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with Silica Gel 60 F254 on either glass or aluminum backing
are used predominantly in most of the reported studies(310)
. In addition to silica gel, C2, and C18, other stationary
phases can provide separation and analysis of mixtures using
different mechanisms: cellulose layers [normal-phase (NP)
partition]; polar NP-bonded layers (diol, cyanopropyl, and
amino propyl); ion-exchange layers; impregnated layers
(e.g., argentation TLC for unsaturated organic compounds);
thicker preparative layers (usually 0.5~1 mm) for isolation of
larger amounts of analytes; and chiral layers for analysis of
enantiomers(2,19-22).
III. Layer Prewashing
HPTLC plates should be handled at upper edge to
prevent contamination. All plates need to be inspected for any
possible damage or presence of impurity on layer under white
and ultra-violet (UV) light. Generally plates are used without
pre-treatment unless chromatography produces impurity
fronts due to contamination of the plate. It is advisable to
prewash the plates to improve the reproducibility and robustness of the quantitative analysis. For prewashing, plates are
developed with methanol, but mixtures of methanol and
ethyl acetate or even the mobile phase of the method may be
used. Prewashed plate should be dried at 120°C for 20 min
in a clean drying oven and equilibrated with laboratory atmosphere (temperature, relative humidity) in a suitable container
providing protection from dust and fumes(16-19).
IV. Selection and Optimization of Mobile Phase
Mobile phase for HPTLC method is selected and optimized on the basis of analyst’s own experience, literature
report of similar studies and traditional trial and error method.
General mobile phases systems, that are used based on their
diverse selectivity properties, are diethyl ether, methylene
chloride, and chloroform combined individually or together
with hexane as the strength adjusting solvent for normalphase, and methanol, acetonitrile, and tetrahydrofuran mixed
with water for strength adjustment in reversed phase(19).
CAMAG laboratory suggested four level techniques for
mobile phase selection and optimization. First level involves
the use of neat solvents (seven to twelve) and then by finding
such solvents which can have average separation power for
the desired drugs (optimization stops here if the analytical
goal is achieved). Further, at this level the solvents are
categorized on the basis of Rf value they produce: group A
solvents, if it produce suitable Rf value (0.2<Rf<0.8), group
B solvents, if it produce Rf value higher than 0.8 and group
C solvents, if it produce Rf value less than 0.2. Second level
involves decreasing or increasing solvent strength using
hexane or water for respective purposes. Solvent strength of
the solvents in group B is reduced by adding a weak solvent
(hexane, haptane, cyclohexane). If the entire sample runs in
the front, the solvent should be diluted in first trial at least
1:4. If most sample components have higher Rf values but
are somewhat separated, a 1:1 dilution can be tried. The

strength of the solvent in group C needs to be increased by
adding strong solvent (polar modifier) such as acid (acetic
acid, formic acid) or base (diethyl amine, ammonia), and
start with 10%. Also water may be suitable if the solvent
is miscible (optimization stops here if the analytical goal is
achieved). Third level involves trying of mixtures instead of
neat solvents from the selected solvents of first and/or second
level which can further be optimized by the use of modifier,
such as acids or bases. In first trial use a 1:1 mixture. If the
chromatographic result is improved, try different proportions.
If the result is not better, try combination of other solvents. It
is important to avoid combinations which offset the resolution obtained by the individual solvents (Do not lose in the
possibilities-try one combination at a time). If it solves the
analytical problem, quit. If not, an alternative route (level 3’)
can be tried in which solvent from group B and C of first level
can be directly combined, skipping second level. At level 3,
the appropriate proportions will be dictated by the resulting
solvent strength. A 1:1 mixture is a good starting point but
10% addition of the group B solvent (mostly high solvent
strength) to the group C solvent (low solvent strength) is often
sufficient. If the Rf values are acceptable, go for level four,
which includes, minor adjustment to the solvent strength, use
of modifiers to improve the shape of the separated zones and
alteration of chamber saturation time. If the separated zones
show tailing, try adding 0.5 to 1.0% water. Try exchanging
acid or base for a weaker/stronger one. In spite of all, if
analytical goal is not achieved, repeat the procedure on a
different stationary phase(16,17).
Multi-component HPTLC mobile phase is prepared by
measuring the required volume of each component separately
and transferring them into a solvent bottle of appropriate
size. The bottle is closed with a lid and shaken to ensure
proper mixing of the contents. Volumes less than 1 mL are
measured with a suitable micropipette. Volumes up to 20 mL
are measured with a graduated volumetric pipette of suitable
size. Volumes larger than 20 mL are measured with a graduated cylinder of appropriate size. To minimize volume errors,
developing solvents are prepared in a volume that is sufficient
for one working day.
V. Sample Application
Sample application technique essentially determines the
overall quality of the separation. Commonly, two principal
ways to transfer sample on HPTLC plate are well known:
contact application and spray-on techniques. The selection of
a sample application technique depends on factors such as the
nature of the analytical task, the type of sample matrix, workload and time constraints, the type of separation layer, and the
sample volumes to be applied(19,20). During spot application
by contact application technique, the solvent of the sample
performs “circular chromatography”. This can cause irregular
distribution of the sample components across the spot, and
spots may be broad and not symmetric after chromatogram
development. The spray-on technique offers the advantage
of avoiding any chromatography during sample application
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even if the sample is dissolved in “strong” solvents. Resolution and detection limits of a given TLC system can be
improved if samples are applied as narrow bands using the
spray-on technique to ensure homogenous distribution of the
sample over the entire length of the band(16,17).
VI. Chromatogram Development
HPTLC plates are developed in flat-bottom chambers,
twin-trough chambers (TTC), or horizontal-development
chambers. Design of TTC chamber allows development with
only low volumes of mobile phase and easy pre-equilibrium
of the layer with vapors of the mobile phase or another
conditioning liquid. During development a gas phase is
present in addition to stationary and mobile phase which can
significantly influence the result of the separation. This gas
phase depends on the type, size, and saturation condition of
the chamber during development. The use of unsaturated
chambers should be avoided because of decreased reproducibility, and often bent solvent fronts. Complex separations
can be performed with better resolution by two-dimensional
development, in which the sample mixture is applied to one
corner of the HPTLC plate. The plate is developed with the
first mobile phase, dried, and developed with a second mobile
phase in the perpendicular direction. In addition to the usual
capillary flow development of plates, forced flow over pressured layer chromatography (OPLC), in which the mobile
phase is mechanically pumped through the layer covered with
a membrane that is under pressure, has been used(16-25).
VII. Plate Labeling
According to GMP/GLP, the plates should be labeled
unambiguously for identification. In general, a soft pencil or
fluorescent pen is used to write the number in the upper right
corner. The label should include the project number, the date
of analysis, and the consecutive plate number. Laser-coded

HPTLC silica plates manufactured by Merck with individual
code numbers to aid in documentation for analyses performed
under GLP are also available(16-25).
VIII. Derivatization
It is an inherent advantage of HPTLC that fraction
remains stored on the plate and can be derivatized after
chromatography. Via derivatization substances that do not
respond to visible or UV light can be rendered detectable.
In many cases, substances or classes of substances can be
identified by specific reagents. Derivatization may result in
either conversion of non-absorbing substances into detectable derivatives, or derivatives with improved detectability.
Further, derivatization can be used to detect all sample
components by converting them into detectable derivatives,
selective detection of certain substances and to bring fluorescence(16,17). Derivatization can be performed either by
immersing the plates or by spraying the plates with a suitable
reagent (Table 2). For better reproducibility, immersion is the
preferred derivatization technique.
IX. Documentation
Each developed plate is documented using digital documentation system under UV light at 254 nm, UV light at
366 nm and white light. If a type of light does not produce
usable information, that fact must be documented. If a plate
is derivatized, images are taken prior and after derivatization.
With suitable software the documents can be saved and stored
in compliance with GMP/GLP(1,16-19).
X. Detection
After removal of the mobile phase from the developed
plate by heating, zones are detected on the layer by their
natural color, natural fluorescence, quenching of fluorescence,

Table 2. List of common derivatization reagents(16,17)
Reagents

Detection

Sulfuric acid

General reagent

Iodine (spraying solution), Iodine vapor

Conjugated doublebounds, alkaloids, purine derivatives, lipids, carotenoids

Aniline-diphenylamine-phosphoric acid

Sugars, glycosides

Anisaldehyde-sulfuric acid

Terpenoids, saponins, sterols, most lipophilic Compounds

2,6-Dibromoquinone- (or dichloroquinone)-4-chlorimide
Dragendorff’s reagent

Arbutin, vitamin B6, phenols, cumarins, thiols, thiones, capsaicin, antioxidants,
amines
Alkaloids, heterocyclic nitrogen compounds, polyethylene glycol

Ammonia vapor

Opiates, mycotoxins, flavonoids, sennosides

Natural products/ polyethylenglycol

Flavonoids, carbohydrates, anthocyanines, plant acids

Ninhydrin

Amino acids, biogenic amines, ephedrine

Phosphomolybdic Acid
Vanillin-inorganic acid

Fatty oils, phospholipids, reducing substances, steroids, essential oils
compounds, morphine
Terpenoids, sterols, salicin, ergot alkaloids, most of lipophilic compounds

Fast blue salt B

Phenolic compounds, tannins, cannabinoids
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or as colored, UV-absorbing, or fluorescent zones after reaction with a reagent. Zones with fluorescence or quenched
fluorescence are viewed in cabinets that equipped with short
wave (254 nm) and long wave (366 nm) UV lamps. Detection under UV light is first choice as it is non destructive. An
important advantage of the off-line operation of HPTLC is
the flexibility afforded by the use of multiple methods for
zone detection and identification(1,16-19).
XI. Quantitation
Most modern HPTLC quantitative studies are performed
in situ by measuring the zones of samples and standards using
a densitometer or scanner with a fixed sample light beam in
the form of a rectangular slit. Generally quantitative evaluation is performed with the scanner. The chromatogram can
be scanned in reflectance or in transmittance mode by absorbance or by fluorescent mode; scanning speed is selectable
with fast spectra recording. Calibration of single and multiple
levels with linear or non-linear regressions is possible(1,16-19).

VALIDATION OF DEVELOPED METHOD
Method validation is a part of the validation process that
establishes, through laboratory studies, that the performance
characteristics of the method meet the requirements for the
intended analytical application. Validation must establish the
performance characteristics while demonstrating the fitness
of a method for the intended purpose(26). The necessity for
validation in analytical laboratories is derived from requirements of quality and accreditation standards and regulations,
i.e. current GMP (cGMP), GLP, Good Clinical Practices
(GCP), ICH, Food and Drug Administration (FDA) and
Environmental Protection Agency (EPA), United States Pharmacopeia (USP). Other regulatory requirements are found in
such as the International Standards Organization (ISO) series
and the European Norm(13,29). Validation procedures are
performed according to the recommendations of regulatory
agencies.
Method validation is one part of the overall validation
process that encompasses at least four distinct steps: (1) software validation, (2) hardware (instrumentation) validation/
qualification, (3) method validation, and (4) system suitability. The overall validation process begins with validated
software and a validated/qualified system; then a method is
developed, and validated using the qualified system. Finally,
the whole process is wrapped together using system suitability. Each step is critical to the overall success of the
process. There are two guideline documents important to any
method validation process: USP Chapter 1225: Validation of
Compendial Methods; and the ICH guideline-Validation of
Analytical Procedures-Text and Methodology Q2 (R1). Both
the USP and ICH guidelines are generic as they apply to any
analytical procedure, technique or technology used in a regulated laboratory(27).
Ferenczi-Fodor et al.(28) pointed out that the most

problematic and, perhaps, general practice is to ‘validate’ the
chromatographic system by analysis of standard substances,
and finally the developed and ‘validated’ new method is used
for the real purpose – assay of the drug product. This must
be regarded as an unacceptable and incorrect approach. Validation is an iterative process – not a step by step approach.
Analysts should compile a validation plan that definitively
covers all the steps of the analytical procedure(28). Each step
of the analysis must be validated through error analysis and a
suitability test, and includes sample preparation, preparation
of reference standards, application of samples, HPTLC separation, detection procedures, and quantification and calculation of the final results(21).
I. Current Best Practice in Analytical Method Validation
Validation should not be seen separately from the development of a method. Therefore entire process of analytical
method development and validation can be considered in a
totality as represented in the general scheme. At the initial
stage, analyst should evaluate viability of study using available resources. Literature review stage is aimed to discover
new knowledge and information available which will be
helpful during further study. Clearly define analytical goal
before selection, development and optimization of analytical
method which are based on the translation of knowledge and
understanding gained from literature review. The method’s
performance characteristics should be based on the intended
use of the method. The scope of the method and its validation
parameters and acceptance criteria should be defined early in
the process. These include analyte, its expected concentration, sample matrix, possible interfering substances, regulatory requirement, application (qualitative/quantitative),
requirement for robustness, detection and quantitation limit,
accuracy and precision expectation, different types of equipment and the locations where the method will be run, skill
requirements for analyst, etc. The validation protocol is a key
instrument for structuring, regulating, and documenting the
validation process. Before an instrument is used to validate
a method, its performance should be verified. Besides the
general validation parameters, the software and hardware of
HPTLC instrument should also be validated first. The validation of the instrument (instrument qualification) is divided
into design qualification (DQ), IQ, OQ, and performance
qualification (PQ). The chromatography system should also
be evaluated as to whether the equipment can provide data
with acceptable quality, or in other words, that performance
of a system suitable test (SST) yielded acceptable data(29).
If there is no or little information on the method’s
performance characteristics, it is recommended that the
method’s suitability for its intended use in initial experiments
be proven. There is no official guideline on the sequence of
validation experiments, and the optimal sequence can depend
on the method itself. The performance parameters, acceptance limits, and frequency of ongoing SST or quality control
checks should be defined during method validation. Criteria
should be defined to indicate when the method and system
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are out of statistical control(13,28-31). Validation is the last and
critical step for the success of the whole method development
project. Upon successfully completing the validation, the data
and its acceptance criteria should be statistically analyzed by
appropriate experts in order to test its validity(13).
A revalidation is necessary whenever a method is
changed and the new parameter is outside the operating range.
Revalidation is also required if the sample matrix changes
or the instrument type changes. Part or full revalidation may
also be considered if system suitability tests or the results of
quality control sample analysis are out of preset acceptance
criteria and the source of errors cannot be tracked back to
instruments or anything else(29-31).
A validation report should be prepared that includes
all information and results of the stages described above.
Timely implementation/method transfer is also important for
its intended application. Method transfer is not a trivial task
and requires careful planning and constant communication
between the laboratory personnel involved in the transfer.
Method transfer could occur within the same organization
or between pharmaceutical companies and analytical service
providers. To have a successful transfer, the analytical method
itself must be robust and the equipment differences between
the delivering and receiving parties should be carefully evaluated. As a best practice and successful transfer of analytical
method, prepare a method transfer validation protocol that is
agreed by the both sites, approved, and executed(13).
II. Performance Parameters for Validation
The parameters as defined by the ICH and other organizations and authors are described and discuss in the following
text (Table 3). Most of these are familiar and are used daily
in the laboratory. However, they may mean different things
to different people. Therefore, it is necessary to understand
of the terminology and definitions completely. The following

validation parameters are typically monitored for HPTLC
method: 1) specificity; 2) linearity; 3) precision; 4) limit of
detection and quantitation; 5) robustness; 6) accuracy(21).
(I) Specificity
Assessment of analyte in the presence of interference to
ascertain peak purity in sample chromatogram is a very difficult task. Specificity is a measure of the degree of interference from other active ingredients, excipients, impurities, and
degradation products. Specificity in a method ensures that a
peak response is due to a single component only. Specificity
is commonly measured and documented in a separation by
the resolution (≥1.0), Rf (0.1-0.3≤Rf≤0.8-0.9) , and tailing
factor (0.9≤T≤1.1)(16,27,29,30). For the analysis of an active
component of a pharmaceutical product, it is important to have
knowledge and understanding of its susceptibility to degradation and its degradation pathway, interference by possible
degradation product or synthesis precursors/by-products, and
by chemicals employed in sample preparation and excipients in the formulation. If no reference for the degradation
products or impurity is available in the laboratory, it may
be formed by exposing sample to stress conditions such as
acid/base hydrolysis (0.1 to 1 M HCl/NaOH), oxidation (3%
H2O2), Ultraviolet (UV) irradiation (2000 lux), and heat (5080°C), etc., subsequently, purity and identity of analyte peak/
spot should be proved(13,29).
For drug substance, with readily available known impurities, specificity can be determined by simultaneously developing chromatogram for the pure drug substance, its known
impurities and the pure drug substance spiked with the known
impurities at specification level. For a formulation, specificity
can be determined by simultaneously developing the chromatogram for the drug substance, the known impurities of
the drug substance, the formulation spiked with impurities,
and the pure placebo(14). Appropriate separation (0.1≤Rf≤0.9)

Table 3. Type of analytical procedures and required validation performance parameter(1)
Type of analytical procedure
Characteristics

Minimum Number

Linearity

5

Testing for Impurities

Identification

Assay/in vitro release study/
dissolution study/content/potency

Quantitative

Limit test

–

+

+

–

Range

Not Applicable

–

+

+

–

Specificitya

Not Applicable

+

+

+

+

Accuracy

9 (3×3)

–

+

+

–

6 or 9 (3×3)

–

+

+

–

–

b

b

+

–

Precision
Repeatability
Intermediate precision

2 series / number not given

Reproducibility
Limit of Detection
Limit of Quantification

+

Not needed for submission
Depend on approach.

–

–

–c

+

–

–

+

–

+ = performance parameter normally evaluated; – = performance parameter normally not evaluated.
a
Lack of specificity of one analytical procedure could be compensated by other supporting analytical procedure.
b
If reproducibility has been performed, intermediate precision is not needed.
c
Evaluated in certain conditions.
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of drug substance from impurities and impurities from each
other can be used as the acceptance criteria.
Specificity requirements are divided into two separate
categories on the basis of purpose of method (a) identification (purity testing) and (b) assay/impurity tests. For purity
testing, the method should be specific for all the known and
unknown potential impurities; in case of an assay, the method
should be specific for the active components only. Single
peak chromatogram is not an indication of specificity. The
analyst should test and report the resolution of every known
and available related substance and the blank chromatogram,
which is the chromatogram of the solvent used in analysis
of an API and the chromatogram of the placebo, prepared
similarly to the sample, in analysis of a finished product(28).
Typical failures in specificity testing have been noticed
and pointed by Ferenczi-Fodor et al.(28) that are (1) proving
specificity solely by comparison of reflectance UV spectra
of the standard and the sample peak, (2) proving by stresstesting only (3) using the same test for validation of a purity
test and of an assay. The reflectance UV spectra mostly correlate with that determined in solution but the peak-resolution
is poor and cannot be used for identification, if the related
substances have similar UV spectra. Stress testing is useful
only for checking unknown degradation products and does
not cover synthetic precursor/by-products and other ingredients, such as excipients in a product. Degradation study
should simulate real conditions and should be stopped at
approximately 5~10% degradation. It is necessary to perform
stress-test on placebo simultaneously with the sample. One
for dissimilarity is the amount of sample used for optimum
evaluation of the analytical test. For a purity test, the amount
of sample required is usually high (100~200 μg per spot)
in order to detect all impurities even present in low quantities, while in an assay the quantity of analyte used is much
lower (0.5~2 μg per spot) to ensure that the amount applied
is covered by validated linear or “pseudo-linear” calibrated
working range(28).

Verifying peak purity (either by in situ spectroscopy or
subsequent to derivatization) is an additional proof of specificity (26). The spectra of the analyte peaks can be measured at
the upslope, the top, and the downslope, or the whole spectrum of the chromatography peak can be compared. It is now
recommended that peak purity based upon densitomertry
(to measure the UV-Vis spectrum of the analyte spot and if
the value of the purity is 0.000~0.8900, it is not pure, and a
value of 0.9000~0.9500 means a contaminated peak) or direct
determination on plate by matrix-assisted laser desorption
ionization mass spectrometry(27,29).
(II) Linearity
The linearity of an analytical method is its ability to
elicit test results that are directly, or by means of well-defined
mathematical transformation, proportional to the concentration of analytes in samples within a given range. Linearity
is determined by a series of three to six injections of five or
more standards whose concentrations between 80-120% of
the expected concentration range (normally depends on the
purpose of the test method – Table 4)(30). The linearity of the
detector can be obtained by diluting the analyte stock solution
and measuring the associated responses, while the linearity of
the analytical method can be determined by making a series
of concentrations of the analyte from independent sample
preparations (weighing and spiking)(33). It is also essential
that the basic calibration curve be obtained by using independent samples, and not by using samples that have been
prepared by dilution and spotted on HPTLC plate.
In HPTLC, especially in the case of evaluation by scanning in the UV or VIS reflection mode, most calibration
functions are nonlinear, since Lambert-Beer law cannot be
applied to diffuse reflectance. The well defined concentration
ranges and specification limits in pharmaceutical analyses
often make it possible to find and use a quasi-linear calibration function where there is no significantly better fitting of

Table 4. Linear range and acceptance criteria for particular analytical method(1,14,15)
Test

Linearity
Level and ranges

Acceptance criteria

Assay

5 levels, 80~120% of label claim

r>0.999
% Y intercept not more
than 2%

Content uniformity

5 level, 70~130 % of label claim

r>0.999
% Y intercept not more
than 2%

Dissolution

5~8 levels, ±20% of upper/lower limit

Related substances

5 levels, QL to acceptance criteria

r>0.99, % Y intercept
not more than 5%
r>0.99

Cleaning surface validation

QL to 20 QL

r>0.99

Bioanalytical

6~8 levels covering the dynamic range

r>0.99

QL – Quantitation limit
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the calibration data with a nonlinear regression(14). Hence, it
is significant to find correct linear range which enable analyst
to apply it in routine analysis.
To find out linear range, calibration should be performed
by (1) applying sample with minimum six independent and
equidistance concentrations if possible more spots at either
end of the range concentration range(28); (2) sample should
be applied from different, independently prepared sample
solutions; (3) calibration spots should be applied statistically
distributed, not in ascending or descending order of concentration; (4) samples of different concentration should be applied
using uniform volume to avoid the different band-broadening
effects of the different amounts of solution per spot/band; (5)
sample should be applied on a single plate for calculating the
regression line. The calibration can be accepted as linear if it
is statistically proved.
The coefficient of correlation is almost incorrectly used
since it is neither a proof of linearity, nor a suitable general
acceptance criterion for the performance of an analytical
procedure. On the contrary, it requires linearity as a prerequisite; therefore it cannot be used in its proof. Its relation
to experimental variability depends on the slope, number
of determinations, and regression concentration range(33).
Camag laboratory described residual standard deviation (sdv)
of the standard points to express the linearity of calibration
curve in their software. The sdv can be calculated from the
deviation between each measured standard value and the calibration curve(34).
The simplest statistical approach suggested for evaluating linearity of HPTLC method is by means of residuals
(the differences between the measured and the calculated
values) plot without any tendency. The residual test can also
be useful in testing the adequacy of nonlinear fitting(14). The
homogeneity of variations (testing homoscedasticity-Hartley
test)(1,14,28,34) of residulas over the whole range of the linear
calibration line should also be proved using the F-test (for
comparison of the standard deviations of the residuals for
different, linear and nonlinear, models-Mandel test)(28).
When heteroscedasticity is confirmed and the calibration
range cannot be reduced, weighting factor should be used,
e.g., equal to 1/C or 1/C2, where C=concentration or other
weighting factors(34).
If no linear or quasi-linear correlation is obtainable,
the calibration should be based on a nonlinear (polynomial,
Michaelis-Menten, etc.) regression. However, for procedures
based on nonlinear (e.g., polynomial) regression, minimum
of 4 independent calibration points (double spotting) in the
routine use are recommended. Modern software for calculating quantitative results from planar chromatographic data
captured either by scanning or by video densitometry offers
the possibility of using nonlinear alternatives(14).
(III) Precision
The precision of an analytical method is measured by
the amount of agreement among individual test results from
repeated analyses of a homogeneous sample. Precision is

commonly performed at three different levels, namely
repeatability, intermediate precision, and reproducibility.
Analyst should repeat the whole method (weighing and
sample pretreatment to evolutions of chromatogram) rather
than selected steps of the analytical method. Precision of the
method is evaluated to enable monitoring of the expected
analytical limit (level of the impurities or labeled claim
of active substance) and to inform other analysts/users
whether the method established is appropriate for its
intended use(13, 27-31).
Repeatability (intraassay withinday precision) is determined when the analysis is performed in one laboratory by
one analyst, using one definite piece of equipment, identical
reagents, same sample, same chromatographic plate and for
short interval of time (within one working day) in terms of
repeatability of the measurement of peak area where RSD is
not more than 2% for assay (Table 5), based on seven replicate measurement of the same spot/band. This test provides
information about the variation caused by sample preparation, sample application, and evaluation within one analytical
run and within a short period of time.
Intermediate precision is obtained when the analysis is
performed within a single laboratory by different analysts
(at least three) over a number days (e.g. 15 working days),
using different equipment, reagents, and chromatographic
plates. Apply three standards at different concentrations six
times and calculate relative standard deviation of peak areas
which should not be more than 3% (Table 5). This parameter
describes the effect of different experimental and environmental conditions on the variability of the result.
Reproducibility represents the precision obtained from
results measured in different laboratories with the aim to
verify that the method will provide the same results in
different laboratories. For the determination of repeatability,
at least six independent analyses of three concentration levels
should be performed (typically 80, 100, and 120% of the
target concentration). It is rarely performed, e.g. in methodtransfer, or proficiency (round robin) testing. Variables
which affects reproducibility of analytical method are (a)
differences in room temperature and humidity; (b) operators
with different experience and thoroughness; (c) equipment
with different characteristics; (d) variations in material and
instrument conditions; (e) mobile phases composition, pH,
flow rate of mobile phase; (f) equipment and consumables of
different ages; (g) stationary material from different suppliers
or different batches, (h) solvents, reagents, and other materials of different quality(30).
Precision acceptance criteria as per Association of
Analytical Communities (AOAC) at different concentrations within or between days are presented in Table 6. Other
parameters that should be tested in the precision study are the
David, Dixon or Grubbs, and Neumann-tests(32). The David
test is performed to determine whether the precision data are
normally distributed. Outlier testing of the data is performed
by the Dixon test (if n<6~8) or by the Grubbs test (if n>6~8),
while trend testing of the data is performed by Neumann
test(29).
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Table 5. Basic acceptance criteria for evaluation of validation experiments(1)
Impurity testing assay

Characteristics-parameter

Acceptance criteria

Linearity
Residual plot

No trend

No trend

Correlation coefficient

r≥0.99

r≥0.998

Y- axis intercept

≤25%

≤2%

RSD residuals

≤1.5%
Impurity level≤0.5%

≤10%

Impurity level≥0.5%

≤5%

Range

From limit of quantitation to 120%
of the specified limit of impurity

80-120%

Impurity level 0.1-0.2%

RSD ≤ 20%

RSD≤2% (n≥6)

Impurity level 0.2-0.5%

RSD ≤ 10 %

Impurity level≥0.5%

RSD ≤ 5 %

Precision
Repeatability

Intermediate precision

1.5×RSD of repeatability

Accuracy

RSD≤3% (n≥6)
RSD≤3%

Impurity level≤0.5%

RSD≤10% (n=3)

Impurity level≥0.5%

RSD≤5%

Limit of Detection

RSD≤10-20%

-

Limit of Quantitation

RSD≤20-50%

-

Table 6. Acceptance criteria of accuracy and precision studies for
different analyte concentrations(30)
Analyte
concentration (%)

Unit

Mean recovery
(%)

Precision
(RSD, %)

100

100%

98-102

1.3

≥10

10%

98-102

2.7

≥1

1%

97-103

2.8

≥0.1

0.1%

95-105

3.7

0.01

100 ppm

90-107

5.3

0.001

10 ppm

80-110

7.3

0.0001

1 ppm

80-110

11

0.00001

100 ppb

80-110

15

0.000001

10 ppb

60-115

21

0.0000001

1 ppb

40-120

30

(IV) Limit of Detection and Limit of Quantitation
The limit of detection (LOD) is defined as the lowest
concentration of an analyte in a sample that can be detected,
but not necessarily quantitated. It is a limit test that specifies
whether an analyte is above or below a certain value. The
limit of quantitation (LOQ) is defined as the lowest concentration of an analyte in a sample that can be quantitated with

acceptable precision and accuracy under the stated operational conditions of the method. For determination of LOD
and LOQ, sample solutions (n≥3) are applied in decreasing
quantities, in triplicate. The same volume of the pure solvent
as a blank is also applied. After development, a calibration
graph is constructed by plotting the peak heights or areas
against the applied quantities of the substances investigated.
LOD and LOQ are calculated based on the signal-to-noise
ratio. Results of LOD and LOQ should be reported as mass
applied to plate instead of concentration(28).
(V) Robustness
The robustness of an analytical procedure is defined as
a measure of its capacity to remain unaffected by small but
deliberate variations in experimental parameters, providing an
indication of the analytical method’s suitability and reliability
during normal use. Some important parameters for testing the
robustness of HPTLC methods include: (A) the stability of
analyte in the solution being analyzed and on the plate before
and after development; (B) the influence of temperature and
humidity; (C) the method of application, scanning, and evaluation, the spot shape and size, eluent composition, and pH,
the batch/supplier of the HPTLC plate, the sample volume,
the geometry of the chamber, and the drying conditions of
the plate.
Robustness should be considered early in the development
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of a method, but it should not be confused with the optimization of the procedure. Optimization is a part of the development of the procedure, whereas, robustness testing challenges
the stability of the established analytical procedure. Further, if
the results of a method or other measurements are susceptible
to variations in method parameters, these parameters should
be adequately controlled and a precautionary statement
included in the method documentation. Robustness studies
are also used to establish system suitability parameters to
make sure the validity of the entire system is maintained
throughout implementation and use(13,28-31).
(VI) Accuracy
Accuracy expresses the closeness of agreement between
the value which is accepted as a conventional true value or
an accepted reference value and the result found. This test
allows the determination of possible bias.
The true value for accuracy assessment can be obtained
in several ways. One alternative is to compare the results of
the method with results from an established reference method.
This approach assumes that the uncertainty of the reference
method is known. Second, accuracy can be assessed by
analyzing a sample with known concentrations (e.g., a certified reference material) and comparing the measured value
with the true value as supplied with the material. If such
certified reference material is not available, a blank sample
matrix of interest can be spiked with a known concentration
by weight or volume. After extraction of the analyte from
the matrix and injection into the analytical instrument, its
recovery can be determined by comparing the response of the
extract with the response of the reference material dissolved
in a pure solvent. Because this accuracy assessment measures
the effectiveness of sample preparation, care should be taken
to mimic the actual sample preparation as closely as possible.
It is essential that accuracy study should characterize the
whole analytical procedure, beginning with sample preparation and ending with calculation of the result. The concentration should cover the range of concern and should particularly include one concentration close to the quantitation limit.
The expected recovery depends on the sample matrix, the
sample processing procedure, and the analyte concentration
as described in Table 6(28-31).

CONCLUSIONS
HPTLC is being incorporated at a high rate in pharmacopeias and GMPs for botanical dietary supplements(26), and it
is predicted that the use of HPTLC methods will also increase
in worldwide pharmacopeias on synthetic drugs. An effort
to encourage this was publication of a “stimulus article” on
modern TLC in the Pharmaceutical Forum published by the
U.S. Pharmacopeial Convention, Inc(19). To support further
acceptance and application of HPTLC as real quantitative
analytical technique, more stringent quality standards have to
be applied by analysts.

Methods used in pharmaceutical analysis must be sufficiently accurate, specific, sensitive and precise to conform to
the regulatory requirements. HPTLC procedures are highly
diversified, depending on the actual type of test; it can be
used in a wide range of applications from simple qualitative
identification to quantitative assay or purity test. There are
a number of publications dealing with the development and
validation of HPTLC methods(3-10,19,23,26,28). However, the
authors found that few of them completely cover all aspects
regarding HPTLC method development and validation, in
particular, methods in pharmaceutical analysis. This review
may positively stimulate the standardization of HPTLC methodology in pharmaceutical analysis to acquire the advantage
of economical and environment friendly analysis.
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